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[fll^SiXH 2002.07.09 
[^JII^SIS^] H04L 

[SS2| S^SSJ] APPARATUS AND METHOD FOR ADAPTIVE CHANNEL ESTIMATION IN 

MOBILE COMMUNICATION SYSTEM 

[f^^3E] 1-1998-104271-3 

[ LH £l ej 3 = ] 9-1 998-000339-8 

[£S?ia§^&!S] 1999-006038-0 

S^S^I] KIM, Hun Kee 

[^eje^SS] 660717-1162634 

156-771 

ahs^^ai m^=p- M%2m &mo\omm 406m 1006S 

[5*3] KR 

3^531] CHOI ,Gin Kyu 

[^EIS^BiS] 600226-1005726 

110-767 

AHS^^AI §§§2^ OU^OHUM 10ie 104s 

[^1 KR 

[&§2| 3^23>|] MOON , Yong Suk 



55-1 



1020020039847 



2003/11/10 
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KR 

[£g£J S^S^I] KIM.Noh Sun 

[^BiS^ES! 731203-1451011 

442-371 

I^^l ^§!A| ii? 0H&# 1160-15 

[^3] KR 

«I423E2| ^§0j| °|6F01 ¥1 £1- 1*01 SS&UCh CH£|°J 
012^ (oj) 

PIMSS] 20 3 29,000 SI 

i^wftas] 39 e 39,000 

0 2i 0 SI 

[&A>S?£] 0 & 0 Si 

imm 68,000 si 
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sfl^l HH^i -§-a} ( ^^g7l (channel estimator), ^ x\)7] , HR , ^31^, 

SNR, ^^E, 7]-i;7l iL^- 
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^-§-^ ^ ^&*\ wj-^ {APPARATUS AND METHOD FOR ADAPTIVE 
CHANNEL ESTIMATION IN MOBILE COMMUNICATION SYSTEM} 

£ ^Hfl ^-f-^ui^^H °| ^ i4e}\h i-^-s.. 

£2b£ ^-o. ^ ^ ^ HR ^ # 

£ 3^ 5L l^l^i^l ^-g- ^ Cfa. c^A-j N *h HR Aj-^ r= A } ^ 

£ 5^ £ ^a] ^ofl iif^ ^ ^^71^ ^p-s» q-Ef-ti 
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£ 7aTr a] a] ofl* ^^d\) oxo] 4i#efl^( s ingle-level) 7}^ & SS ^€ 

£ 7b^ £ ^1- ^#3jt(single-level) ^ ^ ^£ 

^ 8^ ^ a}A| d\)6]] c4= ^^(single-level) 7)^ x\ 

£ 9a^r -g- ^a) dfl^ ^-g-^-ofl oio] (Multi-level) ti^ ^ ^ 

£ 9b^ ^3 aJa] £M ^^(Multi-level) 7l^ ^ ^ 

£ 10^ ^] <4°\) 1^ eflnS (Multi-level) 7]§ a}-§-^ a] ^ 

&#°ll tfl-§-*Kr ^E^l^^^l ufl^ oils- iLo] ji oi^ 5L^. 

5- ll£r A] A] aflj-Ai 71^; 71 J±Aj- c^«-S. ^^^7] ^ ^ 3 <?1 7)^ ^ 

£ 12^ ^A] oflofl 4^. 7l^7l Ji^Hslope compensation)^ iL^Ji 

£ 13£r t^S} ^a] ^ol] rcj-s. sfliJ ^^71^ ^ Jlf-^r J5L<^iL 5^ 
£ 14Sf £ 15^ *f-#*m ^Bfl ^ ^a] ^1^1 4s. ^ ^ 

7)2] Aj^ t]]ti]iirH i-olji oi^ ZLSflH. 
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&*}5l 9X^. 3=^. til^7l« 0 >^(3GPP)2f ^7l« 0 >^(3GPP2)o.S *fl3^ ^l^^l 

^lS^ 3GPP^l^i^ jL4* ^^f(High Speed Downlink Packet Access, °)?>} "HSDPA"H}- ^ 

*V) wj-Aiofl tfl^j. 3]-^ol jl oio^ 3GPP2<HH^ lxEV-DV^ll ^tr ^o] 

jl ^cf. ol *V a^sf ^I3^]cfl «lff{lAli^i^ 2Mbps 3.4?, 

^cf. 2E*1 n ol^-o] j7^ ; ^E^ti)^ afl^ ^ 

<2i> ^til^ AS, HSDPA *JW£: wl^7l«J->o^ UMTS(Universal Mobile Terrestrial System) °1 

-§-§-^l^<>lH £^ 3-4? ^}o]^\ ^^-1; Xl^^r>7) C-flolEl ^fl^o] Jl^ 

^-f-^^(High Speed - Downlink Shared Channel, °}*} "HS-DSCH"5j- o}£\. g-Q 
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<22> #71 HSDPA ^^HH^r 71^ ol^AlAl^Eljojl^ o} <^tiV^o1 7l# ^ofl ^fl^s}- 

°fl tfl* 3-§-^* ^ ^ ^ 7l#o] ^iL^t}. #7l HSDPA «<HHH ol^r sfl 

5! ^l^*>7l Afl^-Tfl 37H ^1-^ ^-cf. 

<23> ^ ^-g-^S/^^ ^(Adaptive Modulation and Coding Scheme : AMCS)£r ^(cell)^ 

A}o)o) ^ AT-^ofl cflolE^ ^fl^S] ^2-a o V^l^ ^hJ-^ ^^^-o.^ ^ ^ 

Modulation and Coding Scheme ) °1 5}ji *>^, efl^(level) l^H 31 12 ( 1 eve 1 ) n^H 4^7fl£| 
MCSlriL ^ #71 AMCS^r #7l MCS^l 31 H( level)* A>-g-^ ^( ce ll) *\°\si\ *fl 

^ #^H1 ^ ^-g-^^S #31 *|)>g Af^-JL^ £o^i=. *£X\ ^ ^nltVcf. 

<24> cf^-o.^ 4^*11 #^(HARQ : Hybrid Automatic Repeat Request) 1M ^ *W-tl 4 

^ ^^l-tfl7l * r -§- ^fl^i#(n-channel Stop And Wait Hybrid Automatic Re-transmission 

Request : n-channel SAW HARQ) u <H=}£r ^*]# 5: (Acknowledgement : ACK)# «>*1 #Eflofl 

*r 7l*l^*H n 7]]^ i^^o] ^^#* ^^^Jl, ^ a}^> SL^ ^a]^o] ^ ^SLS. =L 
*m^4r -^IWS, i&^g- a)3HH Jfl^M <^ ^fl^l <t 

tr ^°J^1# ^ 9X^. atr, *r4!=Mo> ^tflS sfl^#-g- Tfl^^- ^ SZcf. 
<25> n>*l nj. 0.3. ^4=. ^ bm (Fast Cell Selection : FCS) «<H^£r #7] HSDPA* *l-g-Sl-ul 01 

tt A r-§-*> c+^o] ^ ^*l<*(soft handover region)^ Zl<Q^t ^-f , 7># <#JLtr ^fl^#^# 
•fr*l*rjl iS^nj- 5))^o. ^ ^l^o] ^( interference)-* 

4. Str, 7># <y=str ^fl^^Bfll- ^l^Rr ^-f, ^ HS-DSCH1- °l-g-*(H sfl 
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<26> JL4? afl^l *l^T5>7l ^«fl £SJ€ 37>*1 # AMCS^l ^*fl J± 

<27> tg*fl a o v 7 ] AMCS# QPSK, 8PSK ^ 16QAM f-o] ojo^ 

"<^Jl5L*r ^ 1/4^- Ei l^x] tfo^ JfJ:#o] jr^^ji oicf. nJ-eH, ^-71 AMCS* a> 

41 3*l^rRr ^iMrH tflsM^r ji*} ^42ti 0 u_j (8PSKi 16QAM)4 ^-8- -?-J:#-§- 

±\°-S. QPSK^ ^^(constellation) A # 7fl^ ^ 

o] 3*1*}ji 9XSLE.3, Jfltf(phase) ^tb *fl\l Jitfol 7>^^>4. sr>7]^ ; ^-71 ^ 

2 H o U -]AS M-^fe 8PSK lE^r 16QAM^ ^-f^ t% if 7 fl vflx] ifl 7 flS] 

^ ^^tt H7l(amplitude)7> cf§ cx^ 7 flcq Ajig-.ol fl*]^- ^ Jion^ ifl^^ 

( white noise) 4\<%S. ^IH^l <^ aIJt^o] 45.0. oj (Shadowing) , &lk7]<2{ 

S £sHl £#^JL^, Hi- A>-g-7.> ^ ^IJM-ofl ^ ^ 

51 ^J^^l^r A^llrS. 9J*11 Stfl^^ ^BflSl a.^*>7l 1 

IE. Si ^1<?] ^fl^ (channel estimator)7> A^cf. 
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°l-§-*Rr ^>-§-*>^4. ^, 71^1^ ^4^^^M(PICH CPICH)* 

(pilot) ^Jl* ^tr^r. A o V 7l 71^1^- vflofl ^flSHf- ^V 7 ] Sj-^^ A}Jr^ ^A] 

^71 -¥-^^fl^ ^1 slM^ r&^-Z. ofl^ ^ oi 

^Mfe ^^Cf. OH- €fl^*>^> a o V 7 ) ^ ^7)^ ^71 ^vg-Sj ^^tb ^-g- ^2}- 

A l^l7l ^tr ^ ^71 ^Ei# ^ti]§> E ^ *}<%SLV\ , Jr^l- # ^ olcf. ^71 # 

# aflTj ^Eis.^ IIR(infinite impulse response) ^7} A >-§-^^, #7l HR slE^ 

QSPK1- ^2« 0 ^AS A]-g-s>^ ol^-f-AlAl^eflofl ^^>cf. 

^°l c r- A oM £ loflA^ iLo]j7 oi^ ^fl^^7l^ ^-7fl^ ^(Integration & dump) 

€3(110, 130), ^efl 4^ sflEi ^^-(120), ^ ^ ^171 ^Ei(140)^ ^^cf. 
<3i> -8-71 £ 1-1: #2:^, ^^-tlS(IN)^ tf-Uti ^(Integration & dump) ^B|(110)S 

^•71 if^^ ^£ ^Ei(HO)^ Aj- 7 ) ^^(S^^ ^1JQ« ^"71 -^-S-^-^^^fl^^l A]~g-^ 

^Kl^l^H Spreading Factor, o]fj\. "SF"Ef 4J#) nr^r^, #7l ¥3tr ^^l^l tfl 

«D aj£.£. ^^*rcf. ^, Aj-71 ^p^^ 3£ ^El(li0)ofl o^tr A J-7l <y^JL°ll tflafl 

^S.^ ^^l7l«a ^ #7l ^7l(150)S *11^t}. 

<32> *v^ ; ^eii 4^ *im ^^^(120)^ #7i ^f-sHa^im* 4°^ ^ 

M Ai^ sfl^oil tfl-g-^ 1 el] (conjugate) 4^ ^-fr ^tr4. #7] ^efl sfl^l 
^-^-(120)^El ^^Sl^r ^31 2fl€^r #7l #^7l(150)S ^1^^. #7l ^-^7l 
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(150)fe #7l nr^^: q& A oM ^efl ^-¥-(120)3. 

71 ^71(150)3.^3 ^-71 ^SRr ^11^1 cfl^H #^5]^ ^IJL^ T^&t 

^E] (130)5. afl^t*. ^-71 ^f3& 3* ^B](130)fe ^-71 ^<5Rr ^1^1 tfl-g-*H 

*fl^ ^7] ^ A oM °g^^lS<Hl ^ ^-i: 

#<£*}*1 ^ 14^, ^71 *m ^ tf 7 ] ^-Qr jicf 

^|7l ^3(140)3. ^"71 #-g- ^ €3(140)^7 ^71 

€3 ( 130)3-^3 « *3?M «H ^-§"8: * ^^T-i- 

#^t!rnf. ^-71 ^ *fl7i ^EKl40)JLAi HR ^Ei# A}-g-^- ^ o^rf. 

<33> ^-71 ^17] l[El (140)^1 IIR €3^1 5. 2$\ JE 3<=Hl^i J£°l:n. $X 

k= w>2|- ^-cf. ^1-71 £ 2^ 1*V IIR ^M] iolji ^©l^, -av 7 ] £ 3^- n 

IIR €3^1 ^-i- HoIji oi^ S^ojcf. 

<34> ^"71 1^1- IIR ^E^ofl <&o] <y/#^ o. <^«s}-^ 1>S ^ S ^ ^ o^cf. 
<35> 

i] y(n)=b-x(n)+a«y(n-l) 

<36> «^7H, y(n)^r €^ SI^I^jI, x(n)£- ^*fl y(n-l)^- 

(x(n))sq- *1<2^1 #^^ls(y(n-l))^ z}-z}-ofl l^tfr #^r(a,b)» ^ # 

<37> ^g, >g- 7 ] N ^ HR ^^ofl &0] <y/#^ S.^^. ^>7l 2>3l*\ ^ 
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<38> N 

y(n)=b • x(n)+ Sa k • y(n-k) 

[^flH 2] k"l 
<39> <^*>^ 2>©fl*i£. <£ ^ ol^ ^-o] N *> IIR ^E]o] o}/^ ELs$£- ^ 

Ei N«]*l) ©1^ #^*!Jl# y(n-l), y(n-2),...,y(n-N)# #<^KH <^^\ 2>4M 

2_*)x}%-o) #^Ai5L(y( n ))^ <H^*V ^(b)7> ^-^^1 ©j^^l^(b>3c(n))^ ifl*l N*I *1 

<40> ^ f ^-7] H R ^Ei^ s.^^. >£ 7 j <^«)-ai #7] <^^] 2>°\]*)S. ^uf^o] ^ 

Ei Tfl^ as* b<Hl ^Sfl ^^^cf. ^-7] ^Ei Tfl^ a ^ ^ 7H§^Hn^ # 7 | ^e] Tfl^ b^r ^ 

<41> ^7-1, A o V 7 ) t£ 21- %l-2:S>ia, ©j^^lJl x(n)^: *fil#^7l (210)3. °J^£]©1 ^fll^T^ 

b<4 ^*f^7i 7R>7l(212)S afl^i}. tb^, 7^71(212)^ °^©-3. ^12^^71 

(216H ^*fl ©l*i y(n-l)3l- ^\}2^B] 7fl^ a 7> ^}©^ ^l^(a>y(n-l))7> *H^t}. 

7RV7l(212)fe <#7] afll^M (210)3. JfE]<i) b*(n)^ #71 *fi2^7l (216)3.^ <3] a x 
y(n-l)^ 7>A]- (5 ^( n ) +a>y(n _ 1)) ^ *fl^ ^ 2Ky(n))©-3 #7] ^ ^ & 

(y(n))£- *l<£7l(214)3 *1 <3(y(n-l))*l ^ #7] ^^^l (216)3 

<42> ^^*V W><4 ^ o. HR Afl S ^ ©j^^l^oll ^-g-^- 

<43> Aj. 7l £ 2 ofl^ ilo]j7 &i=. 1*> I IR 5gE^ ^S}-^ ^ o. <^*|-A1 3> .0 S A} t+E). 

<44> b 



H(e J<0 )=- 
3] 



1-a • e" J<B 
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<45> <^«H 3>sl- ^ ^3}-^ 7f7|^ i^V I IR DC °l^£r ^r^Hr 

7> 0«?1 ^, ^ nfl^ *>7] <^«H1 4>5L M-E]-^ ^ 

<46> i. I 

|H(1)|- 11 



[^r^Hl 4 ] " ^ ' |l- a | 



<47> 



A oM 4>°fl ^^o] 1- nil, |b| = |l-a|o) ^.g. uHl^V nfl DC ojs.^. i 

3. normalization)^ ^ 

<48> ^7] £ 3* x(n)^: ^11^^71(310)3. "^^H afil^E] 

b^i- ^ht} 7i-^7i (312)3 ^i^-^i^. tna, A j-7i 7KV71 (312)21 <y^o_s. 

^12^-^711- (316-1 xfl^l 316-N)oll £1*11 ^^ai^s. y( n -l),... ( y( n -N) AAA °H1 31 

-€-*>^ ^l2^Ei 711^1- ai 31*1 a N 7> z]-^ Als(ai >y(n-l) 31*1 a N >y(n-N))7l- 

tf. ^71 7>a>71(312)^ %7] A] 1^71 (210)3^- &|2l b>^(n)^ #7l *)l2^7l(216)3.JfEi<>l 
ai>y(n-l) 31*1 a N >y(n-N)^§- 7KKb>*(n)+ai>y(n-l)+. . .+a N >y(n-N))s>^ *fl\i &(y(n))o. 
3. #^tb^. #7) ^ ^ 3Ky(n))£r ^1^7l#(314-l 31*1 314-N)3 ^RsH *1<S 

(y(n-l), y(n-2) y(n-N))^ ^- A}2^^7) #(316-1 31*1 316-N) AASLS. *fl^tK 

°H, A o v 7l ^1^711- (314-1 i-fl^l 314-N) ^3 t}s. ^ <g ^s.^- 7>^rf. 

<49> *}^eV w}^ ^-o] # 7 ] £ 3^1 ^ iiolji oi^ N x> I IR ^E-)^ ^IJHr-t- N*1-5L 

^-g-^-o,^ #-g- ^-g-ofl tfltr iL*j^ SLt|- *j^r7ll ^ ^ &tK 

<50> ^-71 £ 3<HH iL°l JL N*r I IR ^sj-^ ^H!£ £ r 7l <^«M 5>3» M-Bl-^i 
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<51> 



H(e > )= Y(e jm ) _ 



X(e J,u ) 



N 



1-Sa t . 



<52> 



A o v 7l <^«H] 5>^- ^ ^i*Hr N*} IIR €^ DC ^J*H 

7> o<y ^, ^ ^ ^i^s. s\7] <^n^ 6>^s m-b}^ ^ atf. 



<53> 



|H(1)|=- 



N 

1- Za, 



k=l 



<54> 



A o v 7l 6>°fl ^^<H 1- 141, 

£ IS ^ ^(normalization)^ ^ 



Ib| = 



N 



k=l 



^ S^i* ^ DC 



<55> 



AlBl(Tx-Diversity)^ a>-8- ^Tfl&ol ^ ^^7]^- -#7) IE lofl^ ^o]ji oi^ ^s). 

^-fr 7>^14. ^>7l ^7l» ^*Rr ^1 4^ s||^ «HM(120)S 

^^^Itt ^efl 4^ sfl^ #4] cfolu]AlB)(Tx-Diversity)^ A>-g- d]«-ofl afe}- 
^€ 5E^ ^Hr^ sflEiol ^ - 54c}. a, ^-71 cfol^Al^(Tx-Diversity)7> A>-g-5)^ 3 

#-|r #41 ^lw^]E](Tx-Diversity)-I- 3-8-*Rr ^-f^lfe <#7] 4^3] <£t])^ ^ 
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tH*lBKTx-Diversity)-I- A >-§-^ ^-f<H]^ ^^>£^- ^h}. 

<57> Oj-oflA-] IIR 3-g-*V *fl^ ^71^ ^5^-] 91 QPSK^H ^WTfl A> 

^ ^^.q- ZL^l- ^^Wj-^lo]] A>-g-^cfl ofl-b ^S] 7>^1 ^-fr o>7l^- ^ ^Cf. ^ ofl^. 
*| JLx} ^^wj-Alol 16QAM^| ^-^ QPSKiH} ^ ^-g-ofl n]^]. 7l trfl-^) ^cfl^ o.^. 

41:§:tfl ^«1(SNR : Signal to Noise RatioHH ^>-g-^^. nH^H , #7l QPSK°fl 
IIR 7l^o1] cfl*V ^A^ol ^tflaj o. S ^-cfji ig- ^olt^-. rfA] ^sfl , Bfl^ QPSK 

oil «1«B ^o] ^ ^ojH 7} mt-lkr ^7)9] 

^M?]^ o>7iAi^ ^ 01 cf. o]^^. <gAj.o. IIR ^ 7l<y*H^ 

<2^1 A o v ( lagging He} *!-cf. 

^l^#(a,b)^ wj-^tb 5Jt#^ ^ ofls.^ a.olji o^. Aj- 7 i <s ^ eflo]H7> 3.84Mcps 

oIjl, ^ 516^ ^a]^ 7 ] >g^y ^2}-^(f s )^ 3.84Mcps/512chip, ^ 

7500Hzl- 7>^^>J1 &cf. 

<59> 
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[3. 1] 



a 


b=l-a 


^4^(3dB) 
(Doppler frequency) 


(Vehicle Speed) 


1/4 


3/4 


2024 Hz 


1093 Km/h 


1/2 


1/2 


862 Hz 


465 Km/h 


3/4 


1/4 


346 Hz 


197 Km/h 


7/8 


1/8 


159 Hz 


86 Km/h 



<60> 



<61> 



-S^iLS. o]^AlAl^Bflo11^^ ol^uf^ o}^^ ^*}JL, <&7] <& 1>*\]*\ M. 
o]jl °X±r ^ ^ (a(b )o] ^ - ^. 7] ^^^v ol^jsofl cfl-g-SKr ^ 7^ & 

« Jl^H ^-g-^f^^. ^, #Hfl IIR ^EHH A>-g-£]^ ^Ei 7^ a^- ^ 

tr a^r b<^l ^«fl #7) IIR ^E^7> ^^}^^-# 

tt <#7] IIR ^Eiofl ol^ ^ 7 fl ^Aljr^ A^^^^ 0^137 o|7l xtfl^ol^. ^7} 7} 

<£^£r 3.^o_3_ ^s)-^ E^ ZL 3711 nl^Tfl £tf. o]^ ^ 

Efl ul^ Sflolrg *fl^oflA| IIR ^o^^ ^lJI flfe- ZLBflH«=Q £ 4a^ ^efl 

511 oi^ *n^4M ^sl^ IIR ^e^ *1<£^*M- S_°]JL ^^-91 £ 4b^l sl^fl 

iLcf ^^>7ll ii^xlzL SX^-. ^, ^7l £ 43^1^ Jl°l JI SUfe ^l^^ A o Vo l ^"71 £ 4b*lH iL 
oIji *1<S^)-J±cj. M ^ ^e}. ol^ ^ ? l Jf^fl^ ^ol «^ ^-f ^ 

xjY ^I^aI^a-Is ofl* 3711 ^>ol7> M-c^, o]^ ^A]Ai^o^ tilH ^sl^-CBER : Bit 

Error Rate)* 3 ^*>£^" tr^f. 
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<62> oj&l^- ol o]tfl £2^3 ^-f^l^ :n*> ^^hVXI ^ SNR-g: <8 

SHrtf. 5W D J, HSDPA ol^AlAl^tfl^ £o] j7^|. t^yj-Al^ A>-g-^ ^^]^ £ 



& A^cq «<M*Hr ^ w o V ^* ^ll^^l Stl^. 

<66> Mj^o] g: -S-^ 4^5! C-flojEi ^fl^o] ^.a> ^oj-g. J^^Hr 
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#7l 5)H<3 ^-§-#^£1 ^ sfl^iEl- ^§*Rr 

#7l #-g- ^ a^JE ^uj-o^ ^171^ H] SL^JL , #7l ^^^51^ ^o^ £ ^uj-o) ^)]27l 

§ tiling, # 7 J HliE ^.cHl tfl^>^ nje) D fl^tg ^-71 ^H^e^!^ AJ.7I ^fl2€^ 

<68> ^-71^ 42-3 -g; ^*>7l ^ t!" *fl2^*Hl &<H, *fl 1^ 7]1^<4 ^2 

♦ ^^l^ ^1^^ 2)lo"|^ ^^-§-^S-^Bl #7l ^l^&M]^ ^ #7l ^12^E^1 

3*11 ^ ^7i<5>^ #-g- ^71 7}*l^r ^^aUI^o] ^^ofl 

*1 #71 ^ll^Ei^^Sl- #71 m^^^r ^*Rr #*H 5^*1 . #7l ej|^ J*IM ^ *fl\t 

#71 efl*^ 2flol^ ^ *fl\^5L!- ^*}±r *fl ^£ 

^ ^7lSq-, #71 ^ a^S. ^171^ £0. aj^jx, #71 *fl^5L<4 

aj<HS. ^>M-51 ^I27l§ ^ HljUaM, #71 *]M ^t^Hl tfl-§-*H ^lSl "fl^ #71 ^l^Bl 
31^ #71 ^2^ Ei 711^1- ^*Kr €33l^r ^]cH7l# Ifff ^#J5.5L 
<69> ^-7l*> W>21- ^ -E-^* ^#5>7l *1133*H1 <&o] t ^-tgo. o^^Xl^^^ 

3-§-^ ^M^l^M ^M^M^ #Jl# ^171^ ^ofl o^O^A^ # 

7l sflxg- S}-<^ Ajl-21 ^ ^O.^ <^<£ 3jlo]xg ^ 

M*Rr #71 2)H^ ^^-§-^^1 ^ ^ ^H3*Rr 43 *K #71 

SIM^ ^fl^-S-^1 ^1 ^fl #71 *||^ ^e>^ 434, #71 #^*V 

^ ^4 ^44 ^1171^ ^ alJE^ 434, #71 ^lm^JES]- *>44 A}2 

7l^ D;^r tilJE 
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Dlsl £33 ^ll^B^l^^ ^}2%B]7]}^%^B] ^7} V)HL £jlHl cfl-§-^ 
*fll^*fl*r3- ^12^E^1^1- £3*Rr ^3^-, ^71 £33 ^l^B^l^^ >8-7l ^12^ 

B^l^r* 3-§-*H 37l <^3 sim^^iM^ 3£-# alMSfe 343* S.^ 

3-§-*§ *im^33*HH ^l-^^im -ti-M- ^Tl^Kr 3*H1 3 

71 ^-M-^*^ *!J^1 *H3- ^3 43 £efl 4^^r« ofl^3 5)1^1^ *im 

-g-^-i: #3*Rr §^7l g aj-g- ^E^, a o v 7 ] <^3 5flol^ ^^-i-^-jo^E-l 

^ ^"71 ^34-^^ 5ffl^<q #3*Kr ^ ^371^, #7l ^3 # 

,g- ^ ^i7l§ tiling, 3-7I *>q-si *ti27l^ ^-fr 

WliE^, nisi £^ l^E^Tfl ^l2^El7ll^l-5L^-Ei 3~7l HlJE £-CHl rfl-§-5>^ afll 
^E^l^^- ^12^7^* £3*Hr €Bl7ll^ ^H7l^, 371 £33 2111^711^21- 3"7l £3 

3 *ll 2^e-i Til^-l- 3-g-*M 371 <«3 *IM*3 ^^-§-^-o.s^-Ei 3^-g- ^ItI^ 3"^- 

<71> o}*> ^ ^A] ofl^. ^«-3 5.^^- #2l*H 34*1 ^ 

<72> ^ cfl^. ^^O.^ ^^«>7H1 ^E^ a^o|| t|)«|| #BliL 

cl-^4 £cf. 
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<73> 



^■7} ^ ^E^ ?4|$ 7}^x\(a)<% 7>^^l(b)5. ^ Tfl^ofl o] ^ 

^H3°l °H, #7] ?fl# 7ff^l (a)^- ^ 7>^l(b)^ DC ^1^-^ 1^ 1*V 



IIR |b| = |l-a|eq ^js. ^nj, N *> IIR 



|b|= 1- E 



k= 1 



^, A oM ?m 7}^x}( a )2\- °m 7>^l(b)^ ^ ^^tb Ur^l "1"* 7^14. tt)-^ a o v 7] 7fl 
^mtfl, ^7l 7>^^l( a )7l- 1/25. ^s}^ <#7] 7>#^l(b)^ 1/25. ^^t}. °)3- 

^7) n& 7}f^l(a)7l- #7^>^ ^"71 ^ 7>^^](b)^ ^"71 7^*1 (a) 

7> #±.-5}t£ ^7} °m 7>^^l(b)^ ^7}-&}?\) ^Cf. tb^, ^o V 7l 7>^^(a)^ #7l ^ ^ 

7H^](b)-cr ^ ^-g-S] $5. ^, SNR(Signal-to-Noise-Ratio)^ ^fl^^ ^£ofl 

» 7^Cf. 

<74> ol*> ^1-71 ^E^l^s.(a,b)3l- #7l SNR ^ ^-71 ^fJE^ ^jofl cfl Sfl Jitf 

^5 rf^-oq- £tf. 



<75> 



<76> 



#7l ?m 7>#^l(a)7> #^ 5E^r ^"71 <^ 7>^^(b)7> ^-c. ^ 3^0} 

^-S- ^1)71 ^£ ^14^, #7} ?im 7>^^l(a)^ -f-H-UTfl (smoothing)^ 

*r ^* *>7l nfl-g-ofl ^^Ml ^51-^ ^7lS>^ ^ -§- 7^J1 ^nV, #7l 

^ 7V^^l(a)7]- ^71 7>^^l(b)7> ^-o. ^ lH3*Rr 

<4^1, ^ ^^Hfe 4^ ^B^^fl^ HJjxn^-g-S} 2)H^ *fl^ 

*}^r ^9}^, oj-g-sH 7H> « 7V^^l(a)Sf 7>^^(b)» #<£°] 
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^ ^51» °fl^Hr ^ °1» °l-g-*H 7}# 31Hr ^ 7hf^l( a )2l- <g 3 7}#*Kb)«- 

<78> A. 1*> IIR ^ ^E^S A]~§-^ ^ 

<79> ol§> ^ ^7] 3gtfg.A\ i5}^2) °m 7V^*l(b)4 7>^l(a)«fl 2] «fl H J* 

^33^ l*f IIR €Ei« 7>^^;Cf. 
<80> Al. ^ ^^7lS) Oj 6)| 

<81> o]*\ M. ^r$cq oflofl *fl^ ^7l^ ^ ^-fr £ 5# #2:*H 

JL^jl °X*\ ^cf. #7l <y-Efli4 cfo]a]A]E](Tx-diversity)l- -He^r^eKE ^-7] £ 
5 oflA^ J±olj7 01- ^ofl 4^ ^MlriM^ 41Jl*-£ &Bj*r^ ^ 

^ ^ 4i^Kr 3*Hr €• ^7fl7l- &7] nfl^olc]-. 

<82> #7] t= 5 =. %V S ^ > ^^Ai^dN)^ ip^^Jh ^^-(Integration & dump) €3(510)5. 

^71 ^3^: aj^- €3(510)^ -*7l ^^3: (4°^ 4l3Q» A o v 7l ^-f-4°a^^^^l *V-8-€ 
SKrTfl^CSpreading Factor, °l^r »SF"eV ^jf-) ^f^s}^, #7l if- 3*1 ^^IJlofl tfl 

^1- ^Afl7l^ ^ 9X2-*\. 4 v 7l ^§71(512)3. afl^tj.. 

<83> tr^, ^[efl 4^ sflig ^-^-(514)^ <#7] ^^^^m^r *«fl #^£)xr ty<&% 41 

Jr<q >yifl sflBiofl tfl-g-s}^ ^efl (conjugate) 4^ ^fl^d* ^Sth=k 4^ ^€ 
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^^-(514)S.-^Ei ^s§s)±r ^efl 4^ ^7) ^-^71(512)5. ^7} =£^7] 

(512)^ <#7] €^(510)^E^ >3-7l ^Efl ^ ^3^(514)5. 

7) §^7l(512)S.^-Ei ^"71 ^*>^ <?>Efll4<Hl cfl-g-<5}a} -g-S^ #^£1^ 3^ 
^EK516)5. ^l^^cf. ^"71 3£ ^E|(516)^ -S-71 ^Rr oVtfl i-f^l Efl-§-<5H ^-E]^ 

£ ^"71 SJS^Jr^ if- 5] aJjAj] ^o. ^-cj-^ o>o. ^ ^ ^o. 

AJ-7] WW AH 7 n VoJ-^ SC |. ^o. <^ 7] ^o. ^ ^(522)3. o g^t}. 

<84> ^-71 ^Ei(516)S^-Ei ^-71 ofl^ *fl^ -g-# 

c (n> ^ *m^5L ^ ^7l(518)S. ^"71 *fl^£ ^ Sp^ 71(518) 

TT afl^ alH^ *fl^ -g-# c <n) 4 ofl^ J)] ol^ -g-# o *>o} 

^*fl *fl\t^ a)* 5E*1, ^71 ^fl^^S ^ #-§-^ # 

^71(518)^ #7l ofl^ 3Eflol^ * fl vg o.^- c ofl cqsfl *}7l ^f^* ^*>JL, ^fl^^ ^ 
^ ^£1- A oM 7>7l^f-^^ s)^^ ^o. ig^ofl ^5}. *fl^ ^£ afl^ S>^lBi( 

13)1- ^^cf. t!r€, ^"71 3r)-<y ^ ^^-^( a )^ Aj-7] ^ 4^ ofl^ sj-ej-ul^Kp)^ 

^ ^^tl- SKU ^ls.^ "l")* 7>^<hi 4^ *Hi^ M-^^l ^>M-^ ^ 

^ ^ ^ ^-7] ^fl^^ ^-g-^( a)* ^^^>fe «o V ^ A o V 7l 

^£ <^1^ sj-E^lEKfOl- H J"?_H1 cfltl: T^Hltt *Vcf. 

<85> ^71 ^fl^#£ ^ ^^7l(518)S-^Ei ^-71 J%<Q% 2<\^°) ^^( Q )4 

^■71 4-5. ^ 3tZ±v]B\(p)±r ^E^]^ ^^71(520)5. ^1^=1^. ^7] ^E^l^ ^1^71 
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(520)^ #7l s}-^ #-g-*g=( a )4 ^71 *fl^ ^£ ofl^ ^S\o] 

^5L(5L 8, £ 10H1 *)MK\al fll^- 7 >^^( a )^ og^ 7V^^l(b)» ^^W. olufl, # 

71 « 7>^^l( a )^ ^ 7}^*l(b)fe ^*fl -"j^d*^ «r^l tfl*«H .33^ IIR ^E)* ^ 
<r 9l5L^ ^£H*> Q SH*}. iEfV, # 7 1 ^Ei^^ ^1^71(520)^ #7l ^ <4| 

^ S^l^KPHl 2]*fl 7l-i:7l iL^7l (524)^1 *)H*H- *lHA]jr(S)!- ^-a^c)-. ofl^ 

Cfl, ^"71 ^ ^£ ofl^ 4^lEK|3)7> ^ 7l§*l(TP)ti4 3^ ^71 71^; 71 ^71(524) 
7} ^<5>*1 $>51^ ^^(S^)), ^-71 Sflig 4-51 <^ Sl-5}nlEi(^)7> ^ 7}^x)(T&)lL 
t\ ^-o.^ 71^71 S.-8-71 (524)7> ^^js. afloJ^tHSO. #7l *H^3 

a) 4 5fl^ ^£ afl^ s^l &) ( 13 HI ^§fl #7) n& 7>^l(a)5q- SJ^ 7)^*1 (b) 

tb^, A oM £ 5*IMfe- #7] *1\^5L ^ ^71(518)^ ^71 lE^l^ ^H7l 

(520)7} ^ O.S. £Al£)ji ojo_q. oj^. ^ o_ S *| 7>^^ % 

#7] #* ^71 «Ei(522)^ 7>^^l(a)2l- #7] ^ 7>^l(b)» ^^KH, 

^71 n& 7l-#^l( a )Sl- ^"71 ^ 7>f^l(b)» °}-%r*\<^ -^ 7 ) ^£ ^-g. ^(516)^^ 
^1°1^ ^ c ^l ^ ^ ^-&* ^Tl^Vcf. ^-71 ^}7] ^ 

(522)5.^ IIR ^E^l- A}-§-^- ^ oirf. AJ.7I *\]7] ^Ei(522)°fl <%&o] 

7i€ *m ofl^ # c ^"71 71*71 J±#7l (524)3. *H^£3-. ^"71 71*71 Ji^7l(524)fe 

(ti) 

^7} ^E^l^ ^H7l (520)3.^^1 ^)H(S)oll o^gfl ^-71 *m & C ofl cfl^V 71* 

71 iL^-i- ^^*l-7fl ^Cf. ofl^tfl, >S-7l ^EiTfl^ ^H7l(520)S^-E^| ^ 7l *7l ^ 
^^*f7l ifl^ ^ S7> 1S.A-1 ^l^Tg #7} 7l o. 7l ^71(524)^- ^7l *H 
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^ ofl^T & c <H] cflti: 71^7) ^r^W. ^1^>, ^7] ^1^71(520)^ 

^ #7] 7)^7] Jitf o^Jf^. ^^s->7l Sit!" & S7V ^i}^ ^-7] ^-g^l ^71(524) 

^ #7) ^ °\}^T & C (n> ^ Cfltb 7^ 7) j£#-§. ^Z$f>}*\ ^:J7 ZLtflS. 

^■71 sfl^ ofl* & c (n) ofl tflsfl 71-1:71 iL>8-g- ^*8*Kr #7] 71^-71 ^71(524)^1 7Hlt!: 

<88> ^^1 oflofl irj.^. £ 5^H^r ^fl^^S ^ ^-S-^ #^71(518)5]- ^E^l 

^ *)H7l(520)«- **ll «r^^l £sHl tfl-g-lsH aH<9 €Bl^^r#(a, b)-§- ^1^>£. 

s. g^s. ^_o1ji &tj.. nj-^, ^Sl ^Al 6{| 6)| a)-^ ^ ^(522) 

^ ^^si ^Hd*im ^ofl rfl-s-*>«^ z>m°) *w 47] 7\*\n ^4. 

<89> A2. 49J^ j^S] ^^( a )^. w 0 ><y. 

<90> ol^> Aj- 7 i £ 5 oflA^ * ^-S-^= ^71(518)^1^1 *IM*3 *fl\i -g-^ 

~ (n) 

1=1-. 

<9i> 4^13^ sJ-IJ^ ^fl^* SHKdespreading)*! ^ ^(complex) -41^ *M(h(n)) 

£ ^>7l <^1§H} 7>5L*1 ^ 5^. 

7] h(n)=A p . Sp -c(n)+N(n) 

<93> <^7H, A p fe 3X)-«a^ 37l, Sp TT 1+jiM sj.^ ^ ^ > c(n) 0. ^oj^ ^ ^ 3. 

^^(SFpiiot)^ ¥3 *IM3 N(n)£r ^^^^ M-Bl-^t^-. Aj- 7 i 
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n^r M pilot 5L *r #7] M pilot ^ ^ ^ # sf 0 ^ ^1:^ ^» M-^ 

< 94 > ZL^JL, ^-7) ^4-5. ^ ^-^71(518)^ ^5]^ 5jlol^ *flv| 

C (n) ^r 7>S^ S^2l^ ^"71 4^ 3\-<£^ *fl^ h(n)ofl «fl^ 



^efl s Pl- §^5.^ ^ olcf. o]i=. s> 7 l <^*VA1 8>S ^ ufB(-^ ^ 

4. 

<95> * 

~ (n) =h(n) • 

* * 

=A p .c(n)-s p .^+N(n).-^ 
[^*Vai 8 ] =A p • c(n)+N,(n) 

<96> j£z\) 2flol^ ^ c ( n )£- <g^^jO S A>ol( sin )s}-o) ^Efll- 5> 7l nfl^ofl 

w>S °l:£-^Rr ^HlTicfl, c (n)54 c(n-l)7>o] ( A=c(n)-c(n-l))^ £ 6«1H iL°lJl oi^ 

*fl\l ^£^1 4^ *KItt 7^ 0°fl e^^-* ^ 5^. ^eH, ofl* 

^Sfl^Tr *]H^ *R^3 ^(A p )^r ^l]7i ^£^ol ^-Tfl^^^ 

<97> 1 ~ 

a = 1 - f E „ (n)- (n-1) 

M *lot n-ll C C 

=XT— 2A p • c(n)+N,(n)-A • c(n- 1)-N x (n- 1)| 
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<98> 



~~ (n) 



^ ##^( a)* ^cf. ^^-1;^ sg^-^ ^-71 N(nHl alBfl( a >N(n))f-ofl 

#71 #-8- ^-Sr-l-^ ^"dr&Sr #7l 4°^ ^3 ^§-%=( a M"^^ ^ ^ ^-g-^ 



<99> 



A3. *m ^-S. d\]4? sfe^DlEKp)* ^^s>^ a 0 Vo> 



<100> 



^l^V #7l J£ 5^1 ^ ^fl^^i ^ #-g-^ ^7l(518HH ^1 ^ si ^H^ ^ 



<101> 



(n)=A • c(n)+N,(n) 
#71 (516)3.^ #^ c P # ^l-g-*> *>7l 

R~ (1) 

#3!:tHr(auto-correlation)( c (n> *}7] <^*M 10>^1 ^tfl ^ ^ 



<102> 



[^*H4 10J 



R - (1)= E (n) 

„ (n) n =l I C 



(n+1) 



<103> 



#71 <«^*H 10>ofl m o)t]\ ^}o^i=. 7,}7}^^^ ^ Sfe ^"Site *m4\ 



l£Sj-* <4^M , ^-71 Sfl^ ofl# ^nlE-l(p)^- 5T>7l <^*\ 11>^ ^£ 

°1 33€ *T 
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<104> p=min[7? _ (l)/max(# _ )] £b p=mean[R _ (l)/max(i? „ )] 

[^*VA1 11] c c 

<105> oi7H, Ptt 0 <£<1^ S^i^ #71 fS^r ^71 *>7l##^<£) ^fl- 

Sj-^ ^EflolH.S *fl\|o] ^-Efl a^^j-ZL ^Cf. ^, ^2] £3*-7> 712] 7^ 

^ 3)H^(slow fading)^] ^-f ^7l H e^SHr 7>^lcf. ^l^, ^fl^ol -g-z^ 

^s^tt 31^ 51] o)r$ (fast fading) 2| -f #7] {3 0<H1 e^*>7fl 

<ioe> A4. 7>^^l( a )^ 7H^(b)» ^*Hr 

<i07> o]^> ^-71 £ 5<HH2l ^E]7fl^ *)H 7 1(520HH 4°^ #&*&(a)3\- *m ^£ 

^"4. #7l 7}$*l( a )2]- ^7l ^ 71-^^1 (b)^ 7l$ ^(Ta.Tp) 

^1 2l«fl ^*Kr ^3}- ^e] 71$ ^r(Tai, Ta 2 , T£i, T{3 2 H1 ^*Rr ^ 

<108> £ 7a, £ 7b£]- 5. 8^ ^7) ?im 7}$*l( a )2}- ^7) <g ^ 7>^^l(b)# 



71$ SHI 2l§fl 7J^^ HHJ^ ^rg^S. W . 



<109> ^-71 £ 7a^ ^# 71$ ^ ^€ ^3 *fl^o] ^-^( a )oll dl-§-grH ^*fl *fl^S) 

tt SNR(dB)2l ofll- ^.olzL 01^ 5L^o|d] , ^7} £ 7b^ ^# 71$ ^ ^ ^ 

PHI cfl^V^ ^Ml ^H^^lfe ^ #-£(SPPED)2l c^H- $_o)jl ol^ S^olcf. # 
71 £ 8^ 71$ t(Ta, T|3)-i- A^^-oH £1^ ^£ s%<£% #-g-^( a )^ *flv| 

^ i# sj-el-c] El (P)^ cfl^-^ol ^^o] ? m 7} ~z ]U) <% 7 }#*](b) ^ 71^71 z\)o] 
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<110> # 7 j JgBlTfl^ ^11^71(520)^ #7l ^ ^-g-^ ^7l(518)^E-1 B}-^^ ^fl^ 

3 ^#^(a)o] ^l^sl^ #7l £ 7a« -f-^fl #7l a<Hl t}]^>^ SNR(dB) ^ n 
5^L, #71 #71 7l§ & Ta<Hl tfl-g-^Rr SNR(dB) ^ wl^th}. SEth #7l ^ 

3*1^ 71(520)^ #71 *B^£. £ ^7l(518)S-f-Bl efl^ ^H^l^C 

P)7> #71 £ 7b# ^ #71 pofl tfl-g-^ *m ^^tbtf. HBlJl, #71 

^fl^#£# #71 71^ & T|3ofl cfl-g-^ ^^^£54 °H, #71 7l§ ^ T 

a^l- #71 T{3^ ^E^l^ a, b^l ^ ^3&*Rr ^dt^^ z}- ^7)9] # 

^ofl ttj-ej- cfS7]l A]-g-^ ^ ^Cf. #71 ^*\7}S>) ^SSl- Aj^-o. A] ^ E fl S^ofl 

^ wV #71 TaSf #7] T|3^ tfl-§-£lTr SNR(dB)4 ^ #51 (km) ^#7l^ ^ 

-f-sfl ^14. ^r, -^tb ^f-sfl #71 T a nfl-g-^ SNR(dB)-i- #^*}J1, 

#71 T{3<i tfl-g-^ ifl^#£f ^§*Hr 
<111> #71 ^BlTll^ ^H7l(520)^ #71 £ 8<HH iloj^L ^JES^ #7l ti^ 

^^Ml t)l-§-*Rr 7>^^1 a ^ °d ^ 7}^*1 7l^7l J±# ^^-f ^f>}^ ^H^l 

S. SI- ^ #71 £ 8<^H ^.o]^i 50^ ^^ £ofl A^ #71 WlJE ^^1 Of 5} Ml 7>xlo] 

^ *lW*Kn. #71 £ 8<H1>H^ SNR^l ^-f 5dB°l## 7-1 ^ <3<*_<L3. 

<ii2> 3} #71 {37}- 7l§ SJ- Ti3^.cf eljl, #71 a7> 7l§ ^ TaJit}- ^-fo)t)- 

. °1 #71 ^E^l^ ^H7l(520)^ #71 £ 8^1 ^5L°\] £)*ll #71 7}#*1 a * 3/4 

S ^^^>ZL, #71 <^ 71-^^1 b# 1/4^. tb^, #71 Sfe 71^71 JiL## ^Al^l 

'0' 
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<H3> # 7 1 {37} 7l§ & Tpii4 HJI, #7l a BEt!: 7l§ & €■ ^-fo] 

Cf. °1 ^-f ^"71 ^E^Tjl^ ^1<H7](520)^ ^-71 5. 8^1 ^£^1 £]*fl #7l 7>^^1 a » 

7/85 ^^*VJL, #7l 7}f^l b# 1/85 ^^W. # 7 ] S^r 71^-71 J±#^ ^A]^> 

<114> ^ ^jfls., #71 p7> 7)^ & Tpjit]- 3J-J1, #71 a 71^ & T a JitJ. ^ ^ 

°14. o] A c V 7l ^BlTll^ 71(520)^ #71 £ 8^1 ^5L<H1 £1*11 #71 *fl$; 7}f^l al- 

l/45 ^^^>JL, #71 7>#^1 b* 3/43- ^^§^4. ^"71 7l-i-7l iL#* ^Al 

*>£^- '1'5 ^^t-Vcf. 

<iis> uil ^s, #71 p7> 7l§ # TpjLtf ^1- Jl, ^>7l 7l^ & Ta^.4- €- ^-f 0 ^. 

°1 ^71 ^E^l^ ^!H7l(520)fe ^-71 £ 8^1 ^sB5.«H $]n #71 7>#^1 1/25. 

^^*>J1, #7l <U^ 7>^^1 b» 1/25. ^"71 71^-71 J±#-ir ^A]^>£^- 

T5 ^tb^-. 

<116> t^§-o_5, £ 9a, £ 9b^h £ 10* #2:*}a} #7l n& 7>^*]( a )al- #7l 7}-^*l 

(b)» ^El 7 ]& ^1-^1 ^1*11 ^I^Kr «J"^# -g^SKE^- 
<117> #71 £ 9a^ ^El 7l§ 4^ *fl^ ^-g-^( Q )«^1 tfl-g-^ ufl^ 

3tt SNR(dB)Sl ^1» HoIji oi^ S^H, #71 £ 9b^ ^E] 7l§ Sfl^ 
^3Hel(P)*H ifl-S-*H ^*fl *im #£(SPPED)sl <^1» ilolji oi^ S^icf. 

, #7} £ 10^ ^El 7l§ 5tt(Tai, Ta 2 , TPi, T£ 2 )* ^-g-tH ^€ 4°^ 

^ ^^(a)4 ^ ^£ 4^nlBl(p)c»fl tfl-g-*H 7 }-^ 1 ( a )<4 01^ 7}^ 

*10>) ^ 7l*7l ^H#^(S)7l- nfl^gH] ^s. ^o]ji ol^ £Tgol cf. o] afl , # 7 1 5. 9a^l>H^ 
SNRS1 ^-f 0dB(Ta 
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2 )3 10dB(Tai)ofl *\ s\- ^ ZL^JL JL ^^^o.S. o^o^fe. 37fl^l 

*H^:E3 120km(Tp 2 )^ 500km(TPi)«Hl 3*fl ^ *fl^ 

<118> ^-7] ^Tfl^ ^H7l(520)^ 37l *fl^5E. ^ ^371(518)3.^3 sj-^ *B. 

\I3 ^*(aH tfl-8-*H=- SNR(dB) -S-71 7l§ & Tai^- Ta 2 ^^Hl tfl-§-*Rr SNR(dB) 

i**^ Hl^W. ^"71 sl&Ml^ ^1^71(520)^ ^71 *U^#51 ^ #^-%= #371(518)5. 

*fl^ ofl# 34^1^(13)011 Ifl-gr^ Sfl^ ^-71 71 § ^ T{3 2 

<119> A o >7l ^E^l^ 71(520)^" £ 10<HH 2.o]JL 91^ ^^gS-S-^-Bl 3-71 «1 HL ^-4 

°fl ^-5-*Rr 7>^*1 a °+ <g^ 7>^^1 ^1 7}^y] 213- <^-¥-* ^3sHr *H<H4!J: S 
» ^3W. 3-71 s. HWH i± 0 l^. ^3£°11>H^ 37l Hun ^ozfoii tcj-ej- o>^ 7 Ms] 

<i20> ^ Bi^fls., 371 07} 7l§ & TP 2 Jii4 3J1, 371 a7\ 7l§ & T a i^-Cf 3^ 3^1 

cf. °1 3-f 37l ^b^i^ ^iH 7i(520)^ 37l s. 103 igjgsofl ^«fl 37I ?m 7}^*i a « 

3/45 ^3*>JI ( 371 <^ 7>^*| b«- 1/45. ^3W. 371 71*71 SL3* ^1*} 

*1 '0' ^3W. 

<121> sp. #*1]5 ; 371 0 7} 71^ & TP 2 J±c} £LJ1, 371 a7> 7l^ & Tai4 Ta 2 ?_H 

°1 371 €b^1^ ^|<H7l(520)fe 371 £ 1021 iQ3g3E.^ 3*11 371 n& 

7}f^l air 7/83. £3*ML, 37l °J ^ 7}^*1 b« 1/85 ^3^h 37l S^r 7l*7l 2. 

3* ^*1*W *}fe '0'ii5 ^3W. 
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<122> Afl #*fl5, #7l {37} 7l§ & T£ 2 5.l} 31, #7l Q7} 7l§ & T a 2 -&4 €" ^^1^. 

°1 ^-r- #7l ^eJtH^ ^1^71(520)^ #7l £ 103 ^*gS.*j[ 3*fl #7l ^ 7}#*1 a» 
15/165. #7l 7^*1 b# 1/165 ^^tf. #7l S^r 71*71 il#* ^ 

<123> Vil l^S, #7l $7} 7l§ & TPi4 T{3 2 **H*fcH, #7] Q 7[ 7l § # Ttt^ 

^ ^-foicf. oi 3 °. ^. 7] ^e^I^ ^H<H7l(520)fe #7l £ 10^1 ^^§£^1 3*fl #71 ?41«- 

7>^^1 al- 1/25. ^*}JL, #71 7>^*1 1/23. #7l S^r 71*71 J± 

#* 4H*K£^ ^ 'VS. 
<124> cfAj *l*f|5, #71 137} 71 § # TPi^ T|3 2 TVofl ^m^-, #7l a 7} 7l§ s)t Tai4 

Ta 2 *H #7fl*>^ ^-foltq.. ol ^.f # 7] ^BiTfl^ ^H7l(520)^ #7l £ 103 ^S.^ 

3*fl #71 ?41«: 7>^^1 al- 3/45. ^^*>JL, #7l <%^ 7}^x) b» 1/45 ^tb^. ^3, # 

71 S^r 71*7] J£#* ^*1*K£^ ^ T£ ^^t}-. 
<125> aj^5, #71 f37> 7)& & T^x^ T£ 2 TVofl ^fl^JI, #7l q 7> 7^ & T a 2 £L 

4 €- 3 -foil}. °1 #71 ^Ej3|*r ^H7l(520)^ #71 £ 103 ^^£°fl 3*fl #7l ?fl«r 

7>^*1 a* 7/85 ^*>JI, #71 7>#^1 b# 1/85 ^^^cf. , #7l 7l*7l 

J±#* -S*l*K£5j. ^ ^xgtb4. 
<126> Hj^fijL, #71 |37> 7l§ # TP 1^.4 ^J7 ; #71 a 3E$ 71$ ^ T a iJicf ^ 3 

M^. °1 #7l ^n^r ^1^71(520)^ #71 5L 103 ^S^l 3*11 #7l 7p§^l 

a# 1/45 #71 7>^1 b» 3/45 ^^tb^. . #7l S^r 7l*7l 5.#* ^ 

S}^ '1'5 
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<127> o}g Bj^flS, <#7] P7f 71 § St TP^Cf *|-JL, Aj- 7 j 7]§ & Ta^ Tq 2 ^H] ^ 

*fl*Kr °1 ^-f ^-7] ^E)?fl*r *lH7K520)Tr ^"71 £ 8^ ^^§£<>1] sfl ^7] 

7>#^1 a# 1/2S ^*>JI, ^"71 <^ 7H§^1 b# 1/2S. ^^t.Vcf. ^7] 7] ^7) 

<128> O]-^ ^S., ^7) P7> 7l§ ^ T^^Cf Aj- 7 ] 71^ & Td 2 ^ 

A. °1 ^4- #7] ^1^71(520)^ #7] £ 821 o)«fl ^-7] 7 >^^1 a # 

3/45L ^*\JL, ^7} <3^ 7W*\ b# 1/43. ^^t-Vcf. t&Jg, -S-71 7l^7l iL^-i- ^A]^> 

5L^- 1*Rr 'l'S ^^W. 
<129> » Aj- 7l £ 8 4 Aj- 7l £ 10O1H SU^r ^ <^11-^ ^ cfl-g-^M 

^-§- afM ^Ei(524)7]- J£^-g- + olx^. €r>^ ^Ei Tfl^i ^^^>JI ^Cf. 

°H, ^7] 2^ ^ S£tb ^71^ ^ ^* ^ $14. 

<130> A5 . 71^; 7l «J-o> 

<131> o]*> Aj-71 £ 5«flA^ 7TC.7] ^V7l(5 2 4) ofl X\ ^ ^ £ ^ sj-el-nlEKp)^ tfl-g-^ 

<132> JjL^s} 7)^.71 *flvgo} ^5Lofl tt)-e)- ^E^Tfl^ ^1^71(520)^1 Sl*fl ^-g- <^7> 

^^4. ^71 71^-71 iLAj- ^*Hr 3£r #71 7l ^ J£# Jr^ 

A c v 7l *fl^ 4-5L°\] 9]^j\ rf5 7fl M-EI-147I ofl^-olcf. ^, *flvg SEfe ^ SNR* 7>*1^ 

^-Aj^^ ^ofl^o} 7l ^. 7 ] ^ >oll ^ Aj-cfl^o.^ ^-o.^, ZL^f ^H^ ^ SNR 

^ ^W^l ^J-71 ji^ ^^oflA^ ^ fl ^ ^sl-^( A=c(n)-c(n-l) )tfl ^( N(n)) *) 7} ^. 
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71^7] *m ^Sj-^= cfl ^wl(A/N(n))7> ^-g-^ ^o] Jrnf^oltq-. 

<133> A o > 7 l £ 8 ofl^ iLo]j7 ol^ 7l§ &(T a ,Tp)# A>-g-^ ^-f p 7 > #7l Tp ^4 

S# 0<LS -g^^M 71^71 ^^^1 &^tf. ^n>, ^ £7} #7l Tp 14 

^71 S# IS. ^^^H 7] #71 iL^-g- 
<134> £ 10 oflAi loljj 7]§ ^#(T a l,T a2> Tp !,Tp 2 >* ^ £ 7> 

•^"71 Tp 2 iL^r S# 0^-S. 7 l#7l ^*S*M ^1^, ^7) $7} 

^7) Tp 2 14 #7) S# IS i§^*H 71^71 iL^M- ^^^>£^- *Vcf. 

<135> 15}X)*1, <$7] fV ^HH^ S # 0 5E^r IS. ^^^>7) ^fV 7)^ ^O.^. Tp# Aj-^l-Jl ^ 

0.14 O]^ 71^ ^ o^Cf. £ ll^Hfe- SjE-j^^ ^ 

*fl ^>-§-5l^ 7]^ ^(T a ,Tp)2|- ^5L^ S# ^i5}7) 7l§ ^(T aS ,Tps)* 

<136> # 7 | 7l-g;7l 1^-71(524)^ ^7) a 5} ^7) {3 ofl o] ^ ^E)?fl^ 2:^4 D^o] ^ 

^ 7fl^d# ^ ^71^ cjofl tb4. ^-71 7)#7l iL#^ ^}e^ ^ 

^«fl ^-§-3^ ^fl^^ ^Ml^(SF pilot )sf c-flolE^ *fl^ ^-AV^^ (SFdata) o) 

*^*HH ^ 91^. <U*y*\<L3, ^7) SF pilot £r ^>7l SF data l^ ^tjHs-l 3_t\. afl^cfl, 

A oM SF pilot £r 256ol^L, #7} SF data fe 16o]cf. o] ^ sj.^ ^ ^ q ]o )t\ 16 

7fl7> ^7fl^>7fl =11}. n^E>A-i ( ^q-^ s}-^^ 0} ^ ^fl^ii^ ^ 167fl ^ C-fl o) 
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<137> oje]^- ol-frS ^St\ 7}-2r7] ^Efl# ofl^H 1671] *\)o]b\ ^rts. z^ofl ^ 

7g=)fe T^ji. Cf^- *fl^iL^ ^(A(n))^r *}7) <==r«M 12>Sf Qo] uj-B)-^ ^ 5icf. 



<138> 1 W-i 

A(n)=- 



(n-w)- (n-w-1) 
c c 



12] W * ( SF dot /SF data) w=0 

<139> ^7}*), n£r ^ ^5] S}-<^^ Al^c^ Ajjo]( index )olji ) W fe 71^71 ^^ofl A}-§-<g 
^^-(window) 3711- M-B^t}. 

<140> 

^71 ^-g-ol z\}7]& A]^( c (n) )o1 l tflsfl ^. 7 1 <^^\ 12>ofl <^ ^JSL'tf &(A 

(n))* ^-§-^5.^ ^-71 71^71 i^l-71 ( 524)5. Jf E^ <2] §> 7 1 <^«h^ 13>-£-S ^-B^ 

^ 5U4. 

<141> 

c est (n,k)= (n) • k • A(n) 
[^r^H 13] c 

<142> ^717.^ c es t(n,k)^ n «i^fl tfl*|| k OHe^ ^ #3 

* H-e^cK tb^, ^>7l 1 <k ^SF pilot /SF data ^ 7 >^H, ^-71 SF pilot /SF data Tr 

^M-o] s}.^ A^ofl cfl-g-^ ^1-1-^ ^» ^H^cf. xr)-SH, ^- sfl^l ^ dlolBl 

^ M pilot KSF pi i ot /SF data )S M-e}^ ^ ojcf. 

<U3> A6. ^- oflofl 14^. 
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<144> o]^> £ Mj-TgO} 43 A] oflofl n|3 *fl^ ^7l^ £ 13ofl A-] ^.OIJI ol^ ^o] Jr^g- 

<145> # 7 ] £ 13^- *fl^ ^7l^r 1300^ Tfl °fl >H ^7lS.-^B]Sl *fl^ 

^* ^51^ 2}-^^ ll$-7} m. ^ ^7) 1300^711^ #7l 5L 5ofl^i ^.o]jl °X±t 

¥33* 3£ ^(510), -§-^7l(512) ^ 3£ ^EK516)oll^ ^*Mr i^tb^ 

. #7l *fl^ -tlJL^ ^A]ol ol^ol^l^ Aj- 7 1 ^ ^71^ 1302^ 7)^ ^ *H #71 4i 

^ « cfl-§-*V 4^5* *fl^3 ^^(a) ^ ofl* ^^lBl(i3)# ^fl^E 

^ #^71(518)1- *«fl ^tbcf. #71 s>^^ ^^^1 ^-g-^( a ) ^ #7l ^fl^ ^£ 

2^1^ ( P )7> ^^51^ 1304^7115. ^l^W. ^"71 ^ ^^71^1 ^H7l 

(520)^ #71 1304^ 7lH>M #7l sfoj^ a ) ^ # 7 1 *fl^ ^JE s)-eME|( 

D l5l ^5L°\] ^*fl ^d*im &7g«\] tflSfl 2)3^ ^BlTll^Ca.b)^ 

71^71 iL# a]^(S)1- #71 ^E-lTll^ €E](522)*fM 

-S.^51^ ^JiS.*! ^ 7>^l(a)sq- 7V^^l(b)» i^-W. #71 ^e^tII^ b 

^ #7l ^ ^171 ^El(522)S. ^1^-Sl^ , #71 ^H^JL 7l^7l il#7l(524)5L *H^€4. 

#71 ^171 ^e^(522)^ 1306^71H1a-1 # 7 1 ^Tll^ z\}o] 7} (520)S-f El ^7^ 

b°fl ^ #71 ±^ *m ^3L<*) S.^ ^l^tbcf. #71 7l-§:7l 

^.#71(524)^ 1308^r^HlA-l a c v 7 ] ^-o. ^ w.ol ^ 71 si 4^ AjJioH Cfl^- 7l^r7l Ji# ol 

^« ^^4. ^, #71 ^E^l^ ^)H7l(520)S.^-E^ S7> lol^ 7l^7l ^.#ol ^s\^ 
JL ZL%*\ #71 S7> 0<^1^ 71^71 Ji#ol SL^X] Q&^JL # 7 1 

7l*7l ^.#71(524)^ 71^71 i#ol ^£l^ 1310^7113. ^*J*}^ #7l ^&o) 
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^ *m ^2°fl tfltb 71^71 ^^W. *r*l n J:, 71^71 &.^S\x) ^o.^ ^ 

1310^-^11- ^<5M £ ^a| oflofl 4= ^^-cf. 

<i46> B . m} IIR #-g- ^Ei5. a>-§-^ ;g 

<147> ^A] ofl<^ ^ ^ -g^ofl o|^fl ^S}^ a^- b^r l*r ^-g- ^7] ^E^nV <5>u| 

7^1^ a^=r N*V ^7] ^B]9] s^oil <4^ ^MM ^^tf. ^, N *r ^-g- *\]7] ^E^ 

^ , a# ai a n ?>*l £-«fl*H ^7l « 0 >Ai£r 3.7]) -^£-«fl 

(equal distribution)^ 1-?-^ ^-*)K unequal distribution) "cM °1 91 it *r &^t. 
<148> ^-71 ^-i-^:«fl (equal distribution) «<H^ ^-f ^^*r *H1 ^*fl a-& 

7l]^(N)SAi u}±p ^# z^o] ^^-Ai^ofl tfl^- ^ 7 >^^(ai ifl^l a N )SAi 
^r, ^"71 z^s] ? |^.a]^ch1 cfltr 7}^l(ai a N )^r ' ai=a 2 = . . . =a N =a/N 1 SLsL 

<U9> -g-tifl(unequal distribution) ^4 ^-f €^tr «H a # 4 

^ fll^Ai^s- zfzHl cfl-g-^ ^ 71-^^11- ( ai ifl*l a N )S ^tifl^-oil oio^ ' Wl ai+w 2 a 2 
+ ...+w N a N = a'» ^^r^ tr^-. ^H, Wl ^ ^ s cf^. 7>^^» -s^^- ^ 

N 



2 w 



k 



S^M" # "t( k=1 )£r 11- ^2:^H 0 > ^"71 Wl vfl^l W N ^7^ ^E}^- 

^^l^l 5^ 7>^*>i4 -f-^ wi > w 2 > ... > w N 4 STd-l: ^^KE^. tV^f. 

<150> C. ^¥ tijJH 

<151> £ 144 £ 15^ zj-zj- ^^5)1^4 JI^^o] JjLAj^ #^o)1a^ ^Hfl ^ Mj^cq 

^A] oflofl ^ *flvg ^^7lS] Aj^ ^^ofl o^^- cfltil^ JiolJi ol^ ZL2flHolcf. # 
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7] £ 14°lH^r ^#^0.3. 16QAM-i- A>-g-^ , 3\}o)^°\ .^ EJ i ^o]^ (f lat 

fading)'-gr 3z?d°-5L <5}J1 ojnfl, ^ 5|lol^^ ^<L^L ^H^Hf 3kml- 7H^B34. 

^71 £ 15<HH^ ^ a o U -]A5L 16QAM* ^}-g-*H , « s i 2:?J°.S. 120km 

S. 7>^*V5I^-. ^7l £ 1454 5. 15<>\}M^ ^f^AS nfl3g HV^l^- #7] £ 8 ofl^ £_o] 

3- 9lx; ^^-zm &-$r A>-g-^c L1 ^ > ^> 7l ^o. s T 0 = 0 3 Ta = 0 .2(Ta s - 0, T 

Ps = TP)* ^-§-^4. 

<152> #71 £ 14» #*fi iL^jjl ol^ W><4 ^-Ol T^fl^c^ ^Efl ^ ^ 7H «1 *fl £ 

3 -§-3 7>X1^ *fl^ ^7121 7J o.^ ^efl *flv| ^7H «1«H ^7} ol^-o. ^ 

<153> a o > 7 1 £ 15$ ^flA^ J^U^H XI 71 ^Ei* A>-8-g>fe ^-fSj- A}-g-^l ^ 

Sl<H *-$3*r *1<£^K lagging)* ^ S-^^ji oicf. ji^fl^Sl ^4- ^ ^171 

^Ei* A>-g.§>xl ^ ^ol d^- Jl^oIuJ- Jf-^tb S^thg- 3*H ^ XlTl ^Ei# 

* a] o>qel- ji4MI|^4H£. ^7]-^ o] oj^-g- 44^ ^ 

$4. 



Jl41 
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1] 

*m ^#*HH #71 ^ll^E^l^Sl- ^"71 ^12^E-1711^# 1^5}^ ^ofl olo^, 

#71 ofl^ 3Eflol^ ^^o.^ Oj^S>j7 f ^0.^0} ^-o. ^ 

#71 ^ ^oli ^uj-o} ^171 § HlS^l-Jl, ^-71 ^^SLS}- *>M-S1 

^I27l§ #71 *]M nfl-§-§H *fl^€ #71 afll^Bl^K^ ^-71 *j|2 



2] 

*H13H 5a<H^. #7l ^^^7} 4>7l ^1271^ 3^ #71 ^^l7l-§- SjE^^- 

E^ ^a^jrofl cfltV 71^-71 iL^# ^r^^i, #7l ^^^£7> ^-71 ^fl27l § ^ l+ 

^-O.^ #71 ^-^Tl-g- ^B\S.^S] ^^Al^ofl cfl*V 71^-71 Ji#^; ^*}*1 ^ J^-g; 

t] S.^rWr^r ^ #7l . 
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[^t 1 * 3] 

\t c (n) )4 # *l<asM <*^€ 5)1^1^ *im -§-^( c (n_1) )^ ^ # sg^o.s. 
^ #7l ^(a)* #7l « 0 >^. 

[^t 1 * 4] 

#?1 7}7l#^^^ & ^^^-i: #7] S|) ^4*5.3. ^f-g- ^ 

#7l 

[3^* 5] 

^14%H1 5^1, #71 *lll7l§ &4 #7] ^I27l§ & ^ #71 til 51 ^Sj-ofl tfl-g-sH D l 

Si nfl^g^ # 7 ] ^fll^El^^ #71 ^12^E^1^ Cf^l Jf*}^ ^ ofl cfl-g-*V # 7 ] *fl ^ 
^71^1 ^<5>c*| ^ 1 ^ E ^]^ * ^}2^BlA]^5LX] ^^-fr ^^loi ^ 

#71 

6] 

^-i^rl- ^^Li^i <^^^m °fl^MH *IH^ ^^-g-^-o.s.^-E-1 #71 ^1^ 
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Aj^^o^ ^ ^8#*HH # 7 ] ^l^E^l^sq- #7l 42^7%^^ ^*Kr #*1 ofl , 
A oM ^4 ^]l7l^ tilH^-JL, #7l l5}ufo] 

^27l§ ^ h^H, #7l v]m ^^ofl tfl-g-s}<^ n]ei ofl^^ # 7 1 *iU^E-l?fl^<4 #7l ^12 
£3*Mt ^n^r ^1^711- i^-^ ^ # 7 ] ^i 

7] 

71^ ^itq- ^"71 ^-g-^lTi-g- ^B]S.-f-Ei^ #^#^1 7)^71 J±#^g; ^S^JI, # 

71 ^fl^^£7} #7l ^I27l§ ^JiCf ^-Tiq- ^"O.^ #71 ^^Tl-g- ^Ei^-E^ #^4l3L°fl 
cfltb 71^-71 ^ Q±= 7)4:7} iL#7l # Ei ^til^ ^lO £ s}ir #7l . 



8] 

*116%H1 S^i, #71 *flV^JE ^ ^^7l^r, n ^ 1^-E| f 3fl^ ^ 'tit 

^o]^, #71 ofl-^ 5)1 *fl^ c *V ^l^Sl^ afl^ 3l°l<3 *m 

^( c (n ~°)^ *>« #71 *}-g- ^(a)-§- ^ #71 #*1 
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[^n 1 * 9] 

48*M &°)*\, #7} zm^SL ^ ^71^, ^7) ofl*^ o] ^ ^fl^ 

(n) 

-§-#( c )# °l-§-^ *>7l##^* ^ol, #7l *>7l##^<S] 2]i ^ SL^ sg-g-# 
# #7l ^fl|^£i ^f"* ^8-2-3. ^ ^>7l 



10] 

^19*^1 Si^H, -8-71 ^ll7l§ ^ Aj. 7 l ^27]^ # £ ^71 tilJE ^ofi cfl^-*H nl 

el D fl^€ #7l *Hl€ei31^4 #7l ^2^e^l^ tf<#*V -SRd*!)^ tfi-§-$ #7l ^fl^ 

^71^ ^ -S-^ ^fli^E^l^ 31 ^tf* ^HJilS ^ 

#71 



11] 

ol-S-f-^1^3 3-§-*8 *fl\i^#*MH ^f-^^im 41:8:* ^vg-i- *i| 
7}*Hr 5a°H, 

#7l ^-^sf^^^'d #3>°fl Sfl^ #*3 ^efl 4^1- ofl^ 5)1 

°1^ *l)1i-§-#* *3*Rr 

#71 ofl*^ 21H^ ^^-§-^1 21^ #71 *H^3 ^*Kf- 4^4, 

#71 3>g- ^ 3^5. ^-H-fil ^171^ UlJESHr 4^4, 

#71 ^W^£4 3<H£ ^>t4^ ^27l § tiling 4^4, 
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£3€ ^lUE^I^ ^2^E^1^#S.^-&| #7l ti)HL ^oiHl cfl-g-^ ^ll€^ 

# 7 1 ^ll^Ei^^Sf #7l ^ 2 ^E^1^1- ^-g-^ #7l 5Eflolt^ ^ 

^l-^^tl ^^-i: *lM*Rr 43* ^^-5. # 7 ] 

12] 

*Ul*cHl ^°i A i , #?1 *im#5L7} #7l ^I27l§ lHL4 =L^ #7l ^--g-^Tl-g- ^Ei^ 
E^ t^AlJrofl cfl*V 71^-71 iL#^g- ^^JI, # 7 1 ^4riE7l- #7l ^1271^ &3.t{. ^-TlM- 
#7l ^-g-^l7l-§- ^E^-^-E^ ^Aljrofl 7}%7] £L#^- ^*}*1 ^ 43* 

£^^g- ^3-^ *}^r #71 

[^T 1 * 13] 

aflll^ofl 5a<H>H, n^r 1^-Bi Bfl^i # 4QJ5J ^1-*^ *tM^, #7l 31^ slM^ 

#7] ^ ^( a )* ^3^"* ^ ^-71 
14] 

(tl) 

*fll3^1 SJM^i, #71 <^1#^ sfflol^ ^ o.^-( c ol-g-SM 7>7l#^r^l- ^f- 

#71 7>7l#^r^2l sji & sg^-i- #71 ^fl^^£S #3f-§- ^-3 *m 
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#7l 

[^U" 15] 

*fll*M 3l°]*\, ^7} *fll7l^ ^ ^7} *\}27]^ & % #71 «liH Efl-§-S>^ p] 

si °fl^€ ^"71 ^l^E^l^ #71 ^l2^Ei7j)^^ tf<£*}- ^ofl nfl-§-*V #7] ^ 

^^7l^ ^ ^-g- fsH ^13^ ^l^B^l^ ^ A]2^n^^ f^A^ S}^ 

16] 

71^ ^oi^i, 

A oM 511^1^ ^^-g-^-OS^-Ei ^ ^ A> 7] ^3X|-^^ ^.g. 

^7] ^ ^ll7l§ V]ZLis}jL, #7] ^o]S. 

^27l§ &-g; HliE^, DIE] ^ll€Ei7j]^l;3!f ^2^7^-1-3.^ #7l tl) 12 

^^Hl Cfl-S"^ ^ll^E^l^ ^l2^Ei7ll^l- ^^S>^ ^E^l^ ^1^71^, 
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V 

^^CLS_*-B] #-g- ^7l§Kr ^ ^71 ^E)* 3L^* ^ 0.3L ^ #7j ^) . 



17] 

7l§ gjriL^- EL# ^7) ^-^lTi-g- ^JeL^E^ #^A]^1 rfl*V 71^71 iL#* ^^i, AV 
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